Thallium is widely used in photography, pesticides and medicines, and in the manufacture of optical glasses with high refractive indices. Thallium is usually present in lead, zinc, cadmium, indium and tellurium as a trace constituent, whereas it occurs in substantial concentrations in the dust of flues from pyrite burners. Recently, Hoffman 3 has reported a case study and a comprehensive literature review on thallium poisoning during pregnancy. Numerous methods have been proposed for the spectrophotometric determination of thallium; 4-7 most of the methods are based on the extraction of ion-associates formed by basic dyes and thallium. However, these methods are time consuming and also have the disadvantage of high blank values. Some of the other chromogenic reagents proposed for the determination of thallium are iodoacetic acid and hexamethylenetetramine, 8 Pyronine G, 9 Brilliant Green, 10, 11 mepazine hydrochloride, 12 Bromopyrogallol Red, 13 the azo compounds of benzimidazole, 14 Alizarin Violet, 15 Phenosafranine. 16 Though the methods containing these reagents are sensitive, lack selectivity and suffer from serious interference of foreign ions, which normally occurs in the determination of thallium(III). Other considerable methods used for the determination of thallium include, ICP-MS, 17, 18 AAS, 19, 20 potentiometry, 21 and voltammetry. 22 Most of these methods are disadvantageous in terms of cost and instruments used in routine analysis. AAS is often lacking in sensitivity and is affected by the matrix conditions of the samples, such as salinity. Hence, the accurate determination of thallium at trace levels using simple and rapid methods is of paramount importance. Spectrophotometric methods can be used for the determination of trace amounts of thallium occurring in many samples. The availability of spectrophotometric apparatus and the simplicity of analytical procedures make the technique very attractive for a wide range of applications.
A spectrophotometric determination of thallium(III) based on starch iodine and dithizone methods are considered to be the most sensitive, 4 though they suffer from various interfering ions as well as the instability of the reactants used. A recent literature survey also reveals that there has been no report of effective and sensitive spectrophotometric methods so far. These deficiencies encouraged the authors to develop a simple, rapid, inexpensive and most reliable method for the determination of trace amounts of thallium(III) in various samples.
The present communication reports the reaction of trifluoperazine hydrochloride, TFPH (10-[3-(4-methyl-1-piperazinyl)propyl]-2-trifluoromethyl phenothiazine hydrochloride) and its application to the determination of thallium(III) in various samples. The proposed method is simple, selective, rapid, free from various common interfering ions, and does not require extraction, close control of pH or heating steps.
Experimental

Apparatus
Jasco (Model UVIDEC-610) and Elico (Model SL-171) spectrophotometers with 1 cm matched glass cells were used for all absorbance measurements.
Reagents
All of the chemicals used were of analytical reagent grade; distilled water was used for diluting the reagents and samples. Standard thallium(I) solution (1 mg ml -1 ) . Prepared by dissolving 0.1235 g of Tl2SO4 (BDH, UK) in water containing 1 ml of concentrated sulfuric acid and diluting to 100 ml in a calibrated flask with water.
The stock solution was standardized titrimetrically, concentrations were prepared by diluting the standard solution as and when required.
Phenol.
10% solution in glacial acetic acid.
Trifluoperazine hydrocholride(TFPH).
A 0.5% (w/v) aqueous solution of TFPH (SmithKline Beecham, India) was freshly prepared and stored in an amber glass bottle in a refrigerator at 0 -10˚C. Under these conditions the reagent is stable for 2 months.
Others.
The following reagents were prepared by dissolving requisite amounts of the reagent in distilled water: hydrochloric acid (10 M), bromine water (saturated), orthophosphoric acid (10 M).
Solutions of foreign ions.
Solutions containing suitable concentrations of potentially interfering ions were prepared in water or in very dilute hydrochloric or sulfuric acid.
Standard procedure Determination of thallium(III).
An aliquot of a sample solution containing 5 -65 µg of thallium(I) was transferred into a series of 10 ml calibrated flasks. Then, the volumes of 0.5 ml of 10 M HCl and 5 drops of saturated bromine water were added. After 1 min, 5 drops of a phenol solution were added and mixed well.
One minute later, 5 ml of 10 M orthophosphoric acid and 0.5 ml of a 0.5% TFPH solution were added. The contents were diluted to the mark with distilled water and thoroughly mixed; the absorbance was measured at 505 nm against the reagent blank. The thallium(III) content was determined from the standard calibration graph.
Results and Discussion
Trifluoperazine hydrocholoride reacts with thallium(III) instantaneously at room temperature (30 ± 1˚C) in a phosphoric acid medium to form a red-colored species, which is believed to be a radical cation, 24 and is irreversibly oxidized to a colorless sulfoxide with the loss of one more electron, as shown in Fig. 1 . The red-colored radical cation shows the maximum absorbance at 505 nm, where the reagent blank does not absorb appreciably, as shown in Fig. 2 .
In order to obtain the optimum conditions for the quantitative determination of thallium, the influence of the following parameters were studied, and are reported below.
Effect of acids
The stability of the colored species depends on the nature of the acid medium used. The red-colored species is unstable in either sulfuric acid or hydrochloric acid medium, and does not give a maximum color intensity in an acetic acid medium. An orthophosphoric acid medium is recommended because the red color is stable for 3 h, and is subject to less interference from foreign ions. The maximum color development was obtained in the range of 3 -6 M phosphoric acid, and hence an acid strength of 5 M was found to be sufficient for subsequent studies.
Choice of oxidizing agent
Thallium(III) was determined after the oxidation of thallium(I) by bromine water or a ceric sulfate solution in an acid medium. For these methods, any excess oxidizing agent must be removed prior to the determination of thallium(III), in order to avoid interference in the determination. Usually, excess bromine was destroyed by adding phenol or formic acid, and Ce(IV) was reduced by hydroxylamine. 4 In the present study, bromine water was used to oxidize Tl(I) to Tl(III), and the excess oxidizer was destroyed by the addition of phenol solution. The oxidation of thallium(I) to thallium(III) was quantitative, which was confirmed by analyzing known amounts of Tl(I) solution after converting it into Tl(III) and a subsequent determination of thallium(III), as described under the determination of thallium(III).
The obtained results are presented in Table 1 , which show that the oxidation of thallium(I) to thallium(III) is quantitative.
Effects of the reagent and temperature
The effect of the concentration of TFPH was studied by measuring the absorbance at 505 nm for a solution containing a fixed concentration of thallium(III) (2 µg ml -1 ) and varying amounts (0.1 -1.0 ml) of TFPH. A volume of 0.5 ml of 0.5% TFPH in a total volume of 10 ml was found to be sufficient. The maximum color intensity remained constant in the temperature range 5 -45˚C; thereafter, the intensity of the colored species gradually decreased. The formed color was stable for a period of 3 h.
Nature of the colored species
The ionic nature of the thallium(III)-TFPH species was determined by ion-exchange experiments. When 20 ml of the red-colored thallium(III)-TFPH species containing 2 µg ml -1 of thallium(III) was passed through a Dowex 50W-X8 cation exchange column (26 × 1.5 cm), the red color was completely absorbed and the eluate was colorless. When Dowex 1-X8 anion exchanger was employed, the eluate was red, indicating that the thallium(III)-TFPH species is cationic in nature.
Analytical data
A linear calibration graph was obtained for 5 -65 µg of thallium(III) in a final volume of 10 ml. The slope and intercept were 0.1069 and 0.0079, respectively and the regression coefficient was 0.9989. The detection limit [DL = 3.3 σ/S] and quantitation limit [QL = 10 σ/S], (where "S" is the standard deviaiton [n = 5] of the reagent blank and "σ" is the slope of the calibration curve) of thallium(III) determination were 0.04 and 0.12 µg ml -1 , respectively. The precision and accuracy of the method were established by the analysis of 10, 15 and 20 µg of thallium(III) in a final volume of 10 ml using the recommended procedure. Ten replicate determinations of each concentration gave relative standard deviations (RSD) of 0.5, 0.3 and 0.1%, respectively. The molar absorptivity (ε), specific absorptivity (a) and Sandell's sensitivity (s) of the color system were 2.14 × 10 4 l mol -l cm -1 , 0.1 ml g -1 cm -1 and 0.0095 µg cm -2 , respectively.
Effect of diverse ions
In order to evaluate the suitability of the proposed method, the effect of some ions which often accompany thallium(III) was studied by adding different amounts of diverse ions to 2 µg ml -1 of a thallium(III) solution. An error of less than ±2% in the absorbance values was considered to be tolerable. The tolerance limits of the foreign ions tested are given in Table 2 . The major advantage of the proposed method is that TFPH, which can be used as a selective reagent for the determination of thallium(III) in the presence of large amounts of Fe(III), Mo(VI) and Pb(II), and are usually associated with thalliumcontaining samples can be tolerated. The results also indicated that Fe(II), iodide, and iodate interfere seriously.
Application of the method Determination of thallium in alloys.
Certified samples of thallium alloys were not available. Therefore, synthetic mixtures containing some of the metal ions commonly found in thallium alloys were prepared, and the thallium content was determined using a method described under determination of thallium(III) ( Table 3) . Determination of thallium in minerals. The minerals were dissolved in aqua regia and boiled to near dryness twice with distilled water to reduce the acidity. The residue was leached with distilled water, filtered through Whatman No. 41 filter paper, and the filtrate was diluted to a known volume with water. Suitable aliquots of the sample solution were analyzed according to the proposed procedure for thallium(III). The reliability of the procedure was checked by the method of standard addition by following the recommended procedure and also by the starch-iodine method. 25 The statistical analysis of the results by F and t-tests showed no significant difference in accuracy and precision between the proposed and reference methods ( Table 4) . Determination of thallium in standard samples. A known amount of finely ground standard samples (rock, granite) was opened out by repeatedly heating with concentrated nitric acid and hydrogenflouride. 9, 26 The mixture was heated with 2 ml of 5 M sulfuric acid and evaporated to fumes of sulfur trioxide. The residue was leached with water, filtered and diluted up to a known volume after heating it with a 5% citrate solution. Suitable aliquots of this sample solution were analyzed for thallium(III) by following the proposed procedure.
The reliability of the procedure was checked by the method of Alloy standard addition to the same samples, and the data (recovery, RSD, t-value) shows that the method worked satisfactorily ( Table 5) .
Determination of thallium in water.
Each filtered environmental water sample (100 ml) was analyzed for thallium. They all tested negative. To these samples a known amount of the thallium was added and analyzed for thallium by the proposed procedure for thallium(III) ( Table 6 ). Determination of thallium in urine. A known amount of thallium(I) was added to a urine sample (30 ml) taken in a 100 ml micro-Kjeldahl flask (which showed a negative test for thallium). A glass bead and 5 ml of concentrated nitric acid were added, and the flask was placed on the digester under gentle heating. When the initial brisk reaction was over, the solution was removed and cooled. A 1 ml portion of concentrated sulfuric acid was carefully added, followed by the addition of 1 ml of 70% perchloric acid; heating was continued until dense white fumes formed, while repeating nitric acid addition if necessary. Heating was continued for at least 30 min, and then cooling. The contents of the flask were filtered and diluted up to the mark with distilled water in a 100 ml calibrated flask. A suitable aliquot of urine sample was taken and analyzed using the procedure outlined earlier (Table 6 ).
Conclusions
The proposed method for the determination of thallium(III) offers advantages of simplicity, rapidity, sensitivity and reasonable selectivity over the other methods. The developed color is stable for 3 h. The major advantage of the proposed method is that the maximum color intensity is obtained instantaneously at room temperature without the need for heating and also a high tolerance limit for the interfering ions in thallium determination. Because no extraction step is required, the use of organic solvents, which are generally toxic pollutants, is avoided. The proposed method does not involve any stringent reaction conditions and can be favorably compared with other methods. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The sensitivity in terms of the molar absorptivity and precision in terms of the relative standard deviation of the present method are very reliable for the determination of thallium in various samples. a. Mean ± standard deviation (n = 5).
